Introduction: Hookah tobacco smoking has increased in the United States. However, information on hookah use frequency and other characteristics of hookah use is limited. Methods: Investigators analyzed data from Wave 1 of the Population Assessment of Tobacco and Health (PATH) Study, a nationally representative, longitudinal cohort study of US youth and adults. Our analysis draws on baseline data from adult (ages ≥18 years) ever (N = 10 624) and past year (n = 3947) hookah users. Bivariate and regression analyses were conducted to identify associations between demographics, use characteristics, and hookah use frequency. Results: Overall, 16.4% of adults reported ever smoking tobacco from a hookah. Of those, 31.9% reported smoking hookah within the past year. Among 3947 past-year hookah tobacco smokers, 10.7% were daily/weekly users, 13.7% were monthly users, 42.1% smoked every couple of months, and 33.5% smoked about once a year. Among daily/weekly hookah users, 66% were young adults (ages 18-24 years). When comparing daily/weekly hookah users to those who smoked every couple of months, more frequent hookah use was associated with younger age, male gender, a greater number of times the hookah is refilled during a session, fewer people sharing, and hookah ownership. Conclusion: Although there were few demographic differences between daily/weekly users and less frequent hookah tobacco smokers, some notable differences in use behaviors exist among use frequency groups. Unlike other tobacco products, hookah is often smoked communally, over an extended time period. A detailed understanding of hookah user characteristics and experiences could inform hookah-specific measures, messaging, and regulations. Implications: To our knowledge, this is one of the first studies to characterize hookah use frequency, session length, and other hookah use experiences using a nationally representative sample of US adult hookah smokers. Understanding characteristics of hookah tobacco smokers, their use experiences, and patterns of hookah use frequency would be useful in assessing risks for hookah tobacco dependence at the population level. Additionally, identifying variation in use behaviors of hookah tobacco smokers could be used to inform the development of strategies to reduce and prevent hookah tobacco use, such as tobacco regulations or public education efforts, particularly among young adults.
Introduction
Hookah tobacco smoking originated in Middle Eastern countries and has existed for centuries. 1, 2 Public health researchers hypothesize that hookah use became popular in the United States following the introduction of maassel, a type of flavored hookah tobacco manufactured with glycerin, which occurred in the 1990s. [2] [3] [4] Although cigarette use has decreased in the United States, [5] [6] [7] there is some evidence that hookah use is becoming more prevalent. 3, 8, 9 For example, data from the 2013-2014 National Adult Tobacco Survey (NATS) indicate that 4.3% of US adults smoke tobacco from a hookah every day, some days or rarely, 10 while the prevalence was 3.9% in 2012-2013. 11 Although there are limited data on trends of hookah smoking in the United States, the literature indicates hookah use in the United States is most prevalent among young adults ages 18-24 years. 8, [10] [11] [12] Despite studies showing hookah tobacco smoking has many of the same health risks as cigarette smoking, 1,2 many users believe hookah is less harmful than cigarettes. [13] [14] [15] Research indicates that favorable attitudes toward hookah are related to its reported sweet smell and pleasant taste. [16] [17] [18] Users also view hookah as an appealing way to spend leisure time socializing with friends. [18] [19] [20] Although hookah tobacco smoking is perceived as less addictive than cigarette smoking, 21, 22 nicotine levels in hookah tobacco are sufficient to promote and sustain nicotine dependence. 16, 23, 24 Dependence is most commonly observed among frequent (ie, daily, weekly) hookah tobacco smokers. 16, 25, 26 Thus, hookah use frequency has been used as a proxy for dependence. 24, 27 Factors associated with hookah dependence include owning a hookah, age of initiation, increased frequency of hookah tobacco smoking since initiation, session length, refills per session, and smoking alone. 24, 28, 29 However in the United States, few studies have examined hookah tobacco smoking use frequency or behavioral and contextual correlates of use frequency. Many recent studies examining US hookah prevalence have been based on convenience samples of hookah café/bar patrons and college/university student populations. 1, 11, 14, 30 Nationally representative studies on adult prevalence estimates generally report lifetime ever use, past 30-day use, or broad categories of current use, and do not examine a variety of specific hookah use patterns. [10] [11] [12] Large-scale population-based studies of hookah use frequency and session characteristics may help inform regulatory and other public health approaches to prevent hookah initiation and reduce hookah tobacco-related death and disease. In May 2016, the US Food and Drug Administration (FDA) finalized the Deeming Rule that expanded its authorities to regulate all tobacco products, including hookah. 31 As such, FDA now regulates the manufacture, import, packaging, labeling, advertising, promotion, sale, and distribution of hookah tobacco. Thus, it will be important for FDA to have a thorough understanding and characterization of population level use behaviors, particularly for newly deemed products. Furthermore, understanding characteristics of hookah tobacco smokers and their use experiences may aid in identifying target populations for hookah tobacco-related health education messaging, inform health messaging content, and provide information that can be used by national, state, and local public health practitioners when developing and implementing policies aimed at reducing hookah tobacco use.
This study analyzes data from Wave 1 of a nationally representative longitudinal cohort to describe patterns of hookah tobacco use and correlates of use frequency among US adult past-year hookah tobacco users. This study provides details on hookah tobacco use frequency, hookah tobacco smoking session length, number of times a hookah is refilled during a smoking session, number of people sharing a hookah during a smoking session, hookah ownership, age of first hookah tobacco use, and usual place of use.
Methods

Data Source
Data are from Wave 1 of the Population Assessment of Tobacco and Health (PATH) Study; Wave 1 data were collected from September 12, 2013 to December 15, 2014. 32 The PATH Study is a nationally representative, longitudinal cohort study of 45 971 adults and youth in the United States, ages 12 years and older. The PATH Study uses audio computer-assisted self-interviews available in English and Spanish to collect information on tobacco use patterns and associated health behaviors. Address-based area probability sampling with an in-person household screening procedure was used to recruit participants. Adult tobacco users, young adults (ages 18-24 years), and African Americans were oversampled relative to population proportions. The weighting procedures adjusted for oversampling and nonresponse. The weighted estimates produced by the PATH Study are representative of the non-institutionalized, US civilian population. Further details regarding the study design and methods have been published by Hyland and colleagues. 33 
Analytic Sample
Of the 32 320 adult participants (ages ≥18 years) in the PATH Study at Wave 1, our study draws from the 10 624 adult participants who reported ever using hookah to smoke tobacco. Ever hookah users are respondents who reported ever hearing of hookah and responding "yes" to the question "Have you ever smoked tobacco in a hookah, even one or two puffs?"
Our primary analytic sample included 3947 participants who reported ever smoking tobacco out of a hookah and smoked hookah tobacco within the past year. These respondents were asked detailed questions about their hookah use frequency as described below.
Measures
Past Year Hookah Use
Several variables were used to assess past year hookah use. Respondents were categorized as smoking hookah tobacco within the past year if they reported the last time they smoked hookah to be within the past hour, sometime today, yesterday, or the day before yesterday; at least once in the past 30 days, 3 months, or 12 months; less than one year ago; or that they now smoke every day.
Hookah Use Frequency
We examined use frequency among those who smoked hookah tobacco within the past year by categorizing hookah users based on their responses to two questions. Respondents were first asked "Do you now smoke hookah…?" Possible responses were "every day", "some days", or "not at all". Those who indicated they now smoked "some days" or "not at all" were then asked "Which of the following choices best describes your hookah smoking? Usually I smoke/ smoked hookah…" Possible responses were "weekly", "monthly", "every couple of months", or "about once a year". Due to small sample sizes, respondents who reported using hookah every day or weekly were grouped together.
Demographic Characteristics
We included six demographic variables (age, race/ethnicity, gender, sexual orientation, education, and annual household income) in our analysis. Since more than 76% of our sample of past-year hookah users were ages 18-29 years and less than 10% were 40 years and older, we categorized age into the following groups: 18-21, 22-24, 25-29, 30-39, and 40 and older. These age categories allowed us to examine variation among young adult respondents who are typically grouped together. Participants' race/ethnicity was categorized as white non-Hispanic, black non-Hispanic, Asian non-Hispanic, Other (ie, American Indian/Alaskan Natives, Native Hawaiian, Pacific Islander, Multiracial) non-Hispanic, and Hispanic of any race. Gender categories included male and female. Sexual orientation was grouped as straight and lesbian/gay/bisexual/other due to small numbers for the latter groups. Educational attainment was categorized as No High School Completion, GED/High School Graduate, Some College, Associate Degree, Bachelors Degree, and Masters/Professional/Doctorate Degree. Annual household income was categorized as less than or equal to $24 999, $25 000-$49 999, $50 000-$99 999, and $100 000 or more. Categories for demographic variables are consistent with reports of national data on adult tobacco use. 8, 10, 11 Other Tobacco Product (OTP) Use We categorized participants, from our study sample of past year hookah users, into three mutually exclusive groups based on their use of tobacco products other than hookah. Participants who never used any tobacco product other than hookah were considered "Exclusive Hookah Users." Participants who indicated ever using another tobacco product but do not use now were categorized as "Non-Current OTP Users." Participants who indicated they currently use OTPs were considered "Current OTP Users." Current users were respondents who indicated they now used a tobacco product "every day" or "some days" and met established usage thresholds (ie, smoked >100 cigarettes) or reported using a specified tobacco product "fairly regularly." OTPs included cigarettes, e-cigarettes, traditional cigars, cigarillos, filtered cigars, pipes, smokeless tobacco, snus, and dissolvables.
Behavioral and Contextual Correlates of Use Frequency
The behavioral and contextual correlates we examined included length of hookah session, the number of times the hookah is refilled per session, the number of people sharing in a session, hookah ownership, age of initiation, change in frequency of hookah tobacco smoking, and usual place of hookah use. The average length of hookah session was assessed by examining responses to the question "On average, how long is one hookah session for you [and the people you share it with]? A session is one sitting in which you smoke hookah, whether alone or with others." Possible responses included "less than 30 minutes," "30-60 minutes," "1-2 hours," and "more than 2 hours." The number of times the hookah is refilled was assessed by asking participants "On average, when you [smoke/ smoked I share/shared] hookah, how many times [do/did] you refill it with tobacco?" How often users share hookah and with how many people were assessed by examining responses to the question "[Do/Did] you usually share the same hookah with others when you [smoke/smoked]?" and "How many people [do/did] you usually share hookah with?" We examined the number of participants who reported owning their own hookah using the question "Do/Did you own a hookah?" Age of initiation was assessed using the question "How old were you the first time you smoked hookah, even one or two puffs?" To explore previous hookah use frequency we examined responses to the question "Around this time 12 months ago, were you smoking hookah every day, some days, or not at all?" Usual place of hookah use was assessed by examining responses to the question "Where [do/did] you usually smoke hookah? Choose all that apply." Response options included "at home," "in a hookah bar or café," "at a friend's house," and "somewhere else."
Statistical Analysis
All analyses were weighted to account for complex sampling design and non-response. Variance estimates were computed using Fay's balanced repeated replication (rho = 0.3). Point estimates based on an unweighted sample size of 50 or less and estimates with a relative standard error > 30% were not reported as they may produce unstable estimates. Weighted prevalence estimates were calculated for the following six hookah use patterns: ever use, use within the past year, daily or weekly, monthly, every couple of months, and about once a year. Ever hookah use prevalence was calculated from the total Wave 1 study population (n = 32 320), past year use prevalence was calculated from the sample of ever users (n = 10 624), and use frequency categories were examined among the sample of past year hookah users (n = 3947).
Missing and "don't know" responses for hookah use frequency were excluded from the analysis. They accounted for 1.3% percent of the 3947 respondents who used hookah within the past year. Among past year hookah users with use frequency information (n = 3895) bivariate analyses were conducted using weighted cross-tabulations for each of the hookah use frequency categories by demographics. Due to survey routing procedures, questions used to assess contextual and behavioral factors associated with hookah use were not asked to respondents who did not report smoking "fairly regularly" and indicated that they did not now smoke hookah tobacco. As a result, bivariate analyses of behavioral and contextual correlates of hookah use were restricted to more frequent user groups (ie, daily/ weekly, monthly, every couple of months) (n = 2680). Chi-square estimates were generated to determine if there were significant differences in hookah use frequency categories by demographic and behavioral factors. "Don't know" and refusal responses generally accounted for less than 1% of the data for the covariates examined. Accordingly, we combined missing, "don't know," and refusal responses when presenting prevalence estimates for demographic and behavioral factors by hookah use category.
Finally, we conducted a multinomial logistic regression to determine which demographic and behavioral factors were associated with more frequent hookah tobacco use. We limited our regression analysis to a comparison between daily/weekly hookah users, monthly users, and every couple of month users, as these categories provided variation in use frequency patterns and were the least affected by survey routing. We calculated our regression model using complete case analysis, therefore, missing data for one or more covariates led to a reduction in sample size from 2680 to 1970 respondents. All analyses were conducted using STATA 14 analytical software.
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Results
Ever and Past Year Use
Overall, 16.4% of US adults reported ever smoking tobacco from a hookah. Among ever hookah tobacco smokers, 31.9% reported smoking at least once within the past year. The majority of past-year hookah tobacco smokers were between the ages of 18-24 years (58.6%), while 9.3% of past-year users were adults ages 40 years and older. Nearly half (46.5%) of past-year hookah users reported being current users of OTPs, whereas 7.8% of past-year users reported exclusive hookah use (Table 1) .
Use Frequency
Among adults who reported smoking hookah tobacco within the past year, 10.7% were daily or weekly users, 13.7% reported monthly use, 42.1% smoked every couple of months, and 33.5% smoked hookah tobacco about once a year. Among those who Other Race Non-Hispanic includes those who identify as American Indian/Alaskan Natives, Native Hawaiian, Pacific Islander, or multiracial. Other tobacco products (OTP) include cigarettes, e-cigarettes, traditional cigars, cigarillos, filtered cigars, pips, smokeless tobacco, snus, and dissolvables. For e-cigarettes, traditional cigars, cigarillos, filtered cigars, pipes, smokeless tobacco, snus, and dissolvables the "Current OTP Use" category is comprised of hookah users who indicate that they used any of the specified other tobacco product fairly regularly and that they now use the specified tobacco product every day or some days. For cigarettes, Current OTP Use includes those who indicate that they smoked at least 100 cigarettes in their lifetime and now smokes every day or some days. The "Non-Current OTP Use" category is comprised of hookah users who ever used any of the specified tobacco other products but indicate that they do not use the product fairly regularly or that they no longer use. The "Exclusive Hookah Use" category is comprised of hookah users who indicate that they never used cigarettes, e-cigarettes, traditional cigars, cigarillos, filtered cigars, pipes, smokeless tobacco, snus, or dissolvables.
reported daily or weekly hookah use, 66% were between the ages of 18 and 24 years, while 66.5% were male (Table 1) . When examining hookah use among young adults participants, 18-21 year olds reported a higher prevalence of past year use than the 22-24 year age group.
Behavioral and Contextual Correlates of Hookah Use Frequency
We analyzed characteristics of hookah tobacco smoking sessions among daily/weekly, monthly, and every couple of month hookah users. Across use frequency groups, 39%-51% of respondents reported that the average hookah smoking session was 30-60 minutes long, making it the most common session length reported. More daily/weekly users reported smoking hookah alone than less frequent user groups ( Table 2) . Sixty-six percent of daily/weekly users reported owning a hookah, while the majority of less frequent users did not. Across use groups, 25%-34% of respondents indicated they first smoked hookah tobacco before the age of 18, and over 70% first used hookah before the age of 21. This suggests adolescence and young adulthood are important times for hookah tobacco initiation. Among daily and weekly hookah tobacco smokers, 81% reported that they smoked hookah somedays or everyday "around this time 12 months ago" ( Table 2 ). Among all use frequency groups the majority, 53%-61%, of respondents endorsed hookah bars or cafés as the place they usually smoke hookah (Table 2) . Three percent of past year hookah users specified places other than "home," "a hookah bar/café," or "a friend's house" as the place they usually smoke hookah (data not shown).
Correlates Associated With Hookah Use Frequency
We used logistic regression to assess associations among demographics, the behavioral and contextual factors detailed above, and hookah use frequency. Younger age, male gender, and lower income were positively associated with more frequent (daily/weekly) hookah use. Race/ethnicity, sexual orientation, and educational attainment were not associated with variation in hookah use frequency. Compared to current users of OTPs, participants who reported that they previously used OTPs but do not now use them had increased odds of being a daily/weekly hookah users (AOR: 1.56, CI: 1.09-2.24). This suggests that frequent hookah use is more common among respondents who have experience with OTPs, but appears to be less common among current users of OTPs. However further examination of this relationship is necessary. Respondents who reported refilling their hookah two or more times during a smoking session were more likely to be frequent (daily/weekly) hookah users, compared to those who indicated they usually did not refill the hookah during a smoking session (Table 3) . Additionally, respondents who reported smoking hookah with 4 or more people had 2.19 times increased odds (CI:1.10-4.38) of being a monthly user and 3.39 times increased odds (CI: 1.59-7.23) of being an every couple of month user rather than a daily/weekly user, compared to those who reported smoking alone. These findings suggest that more frequent (daily/weekly) users are more likely to smoke alone or with fewer people than less frequent users (Table 3) . Daily/weekly hookah users were more likely to own a hookah than those who reported smoking monthly (AOR: 2.68, CI: 1.66-4.33) or every couple of months (AOR: 3.69, CI: 2.33-5.84). Respondents who indicated they did not smoke hookah at all 12 months ago had 2.01 times higher odds of being a less frequent (every couple of months) hookah user than those who reported smoking "some days" 12 months ago. In our adjusted analysis self-reported age of initiation was not associated with greater hookah use frequency. There were also no statistically significant associations between place of use and use frequency categories after adjusting for behavioral and demographic variables.
Discussion
This study provides information on hookah use in a nationally representative cohort of US adults who used hookah within the past year, including details on hookah tobacco use frequency, length of hookah tobacco smoking sessions, number of refills during each session, hookah sharing, hookah ownership, and age of first hookah tobacco use. The majority (75.6%) of respondents who smoked hookah tobacco less than 1 year ago reported smoking hookah every couple of months or once a year. Qualitative studies have indicated that current hookah tobacco smokers do not consider themselves vulnerable to the harmful and addictive effects of hookah use because of their intermittent use. 18, 35 Perceptions of addictiveness may be related to a consumers' actual or anticipated frequency of use for various products. If consumers do not believe a tobacco product will be used very often, this may impact their perception of how addictive or harmful a product is, despite being aware of the potential adverse health impacts. This paper confirms that infrequent hookah use is the most common pattern of use among US adults; however, there remain serious health risks associated with long-term and short-term intermittent hookah use that should be communicated to consumers. For example, carbon monoxide toxicity, increased heart rate and blood pressure, changes in pulmonary function, risk of infection, and exposure to harmful smoke constituents are possible from a single hookah tobacco smoking session. [36] [37] [38] [39] As a result, many traditional ways of communicating the health risks of tobacco may need to be re-examined when targeting those using or susceptible to hookah tobacco use.
With more than 90% of past year hookah users in this cohort indicating they usually smoked hookah with at least one other person, the findings from this analysis support that hookah use begins as a social activity. 18, 40 Results from this analysis also support findings from other published work indicating that hookah use is most common among young adults (ages 18-24 years). 8, 41, 42 Although only 10% of adult past year hookah users reported daily or weekly hookah use, nearly half of the daily or weekly users were young adults age 18-21 years. Frequent hookah use among young adults raises several public health concerns. These concerns include risk of nicotine dependence, sustained tobacco use, poly use with OTP use, and the adverse health consequences associated with tobacco use. A recent study evaluating nicotine dependence among adolescent hookah tobacco users in Lebanon found that symptoms of dependence emerged among those who smoked hookah tobacco approximately 6 days per month, while full nicotine dependence was observed among those who smoked hookah tobacco 15 days per month. 43 In our study, respondents who reported refilling their hookah more often, smoking alone, and owning a hookah were at increased odds of being daily or weekly hookah users, suggesting that more frequent users may also smoke more heavily during a smoking session than less frequent users. Despite perceptions that hookah use is less addictive than other forms of tobacco use, 35, 44 overall, this information suggests that US young adults, who have the highest rates of daily and weekly use, may be at risk for hookah tobacco dependence and other adverse health effects. The data presented here on the length of a typical hookah tobacco smoking session, number of times the hookah is refilled, number of people sharing in a smoking session, hookah ownership, and rates of dual or poly tobacco use may be useful for providing further insights on the population-level health implications of hookah use. Our finding that current use of OTPs is less common among frequent (daily/weekly) hookah users, Missing/Don't Know/Refused includes responses that were not ascertained due to survey routing. Only respondents in the every couple of months hookah use frequency group contain missing data as a result of it not being ascertained due to survey routing. Refers to respondents' self-reported hookah use frequency 1 year prior to being surveyed in Wave I. compared to those who smoke hookah every couple of months is interesting, and further investigation will be informative. A potential reason for more current use of OTPs among less frequently hookah users could be related to the convenience of using these OTPs. It may be that the use of OTPs reduces the need or desire to use hookah frequently. As use frequency has been used as a proxy for dependence, understanding patterns of hookah use frequency could be used to assess risks for hookah dependence or aid in developing hookahspecific scales of dependence that are not adapted from traditional cigarette scales. Factors associated with hookah dependence include owning a hookah, earlier age of initiation, increased frequency of hookah tobacco smoking since initiation, longer session length, more refills per session, and smoking alone. 24, 28, 29 Our findings provide further support that more frequent (ie, daily, weekly) hookah users are more likely than less frequent (ie, monthly, every couple of months) users to own a hookah, smoke alone, refill the hookah more frequently during the session, be younger, and be male. As such, it may be useful to validate some of these behavioral characteristics to formulate a scale of hookah tobacco dependence.
The current analysis has several limitations. First, due to survey routing procedures, certain questions used to assess detailed information on hookah use behaviors were not asked to all respondents in our analytic sample, as many infrequent users did not consider themselves to be current hookah smokers. Sixty percent of "once a year" hookah users and twenty percent of "every couple of months" users were not routed to questions about characteristics of their hookah use behavior. As a result, we excluded from the bivariate and regression analyses participants who reported smoking hookah tobacco "about once a year." Although we retained "every couple of months" users in our analyses, data on behavioral and contextual correlates were not collected from approximately 344 participants who smoked hookah tobacco every couple of months. However, sensitivity analysis indicated there were no demographic differences between the every couple of month users who were asked questions on hookah use characteristics and those who were not in terms of age, race/ethnicity, gender, sexual orientation, household income, and education. Second, because we ran regression models using complete case analysis, respondents who did not have all of the data points used in our model were dropped, resulting in a reduced sample size for the regression analysis. To determine the impact of this reduced sample size second regression was run without the income variable (which had the highest percentage of missing values), which increased the sample size to 2150. The results of the second model were generally consistent with those presented. Third, information on characteristics of hookah tobacco smoking sessions were selfreported rather than observational, and therefore subject to recall bias. However, this is true of all survey data, and our inclusion of participants who reported hookah use within the past year may have mitigated the magnitude of potential recall bias. Nevertheless, this is one of the largest studies to provide detailed information on hookah use in the United States.
Despite these limitations, these findings provide useful nationally representative information on characteristics of hookah smoking sessions and use behaviors. Details of hookah use frequency and behavioral correlates also provide baseline estimates for future examinations of the trajectory of hookah tobacco use, including whether hookah use frequency levels are sustained over time and if so, among whom. As FDA exercises its Other tobacco products (OTP) include cigarettes, e-cigarettes, traditional cigars, cigarillos, filtered cigars, pips, smokeless tobacco, snus, and dissolvables. For e-cigarettes, traditional cigars, cigarillos, filtered cigars, pipes, smokeless tobacco, snus, and dissolvables the "Current OTP Use" category is comprised of hookah users who indicate that they used any of the specified other tobacco product fairly regularly and that they now use the specified tobacco product every day or some days. For cigarettes, Current OTP Use includes those who indicate that they smoked at least 100 cigarettes in their lifetime and now smokes every day or some days. The "Non-Current OTP Use" category is comprised of hookah users who ever used any of the specified tobacco other products but indicate that they do not use the product fairly regularly or that they no longer use. The "Exclusive Hookah Use" category is comprised of hookah users who indicate that they never used cigarettes, e-cigarettes, traditional cigars, cigarillos, filtered cigars, pipes, smokeless tobacco, snus, or dissolvables. Refers to respondents self-reported hookah use frequency one year prior to being surveyed in Wave I. 
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